Abstract-We studied the effects of drugs used for treatment of bladder dysfunction in conscious rats with intact pelvic nerves and also in rats at one or two weeks after nerve decentralization on the left side. Bladder contraction accompanying micturi tion was continuously induced by infusion of solution at a constant rate. When the effects of oxybutynin (3 mg/kg, i.p.) and terodiline (3 and 10 mg/kg, i.p.) on the cystometrogram were studied for about 2 hr, these drugs shortened and then pro longed the micturition interval (MI), but atropine (1 and 5 mg/kg, i.p.), butylsco polamine (20 mg/kg, i.p.) and nifedipine (3 mg/kg, i.p.) exhibited only a shortening effect on the MI. After injection of oxybutynin (10 mg/kg, i.p.), solution dribbled from the urethra for about 30 min. Terodiline (3 mg/kg) caused ischuria in the rats one week after resection of the left pelvic nerve, but not in the rats two weeks after surgery. Physostigmine (0.3 mg/kg, i.p .) improved micturition in the rats one week after surgery, but the effect was not evident in the rats with intact pelvic nerves. It was found that the drugs used for treating failure to store or expel urine exhibited a beneficial effect on micturition in rats with intact pelvic nerves and also in rats one week after nerve decentralization, respectively.
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Drugs used for treatment of urinary bladder dysfunction in experimental animals have been evaluated in terms of their effects on detrusor muscle contractility and urinary bladder capacity. However, as such experi ments have been performed in rats with no urinary bladder dysfunction, the drugs ap parently exhibit different modes of action from those in human patients with bladder dysfunction.
For example, anticholinergic agents, which have been used for the treat ment of pollakiuria, decrease the contractile force of the detrusor muscle and volume of solution excreated from the bladder during bladder contraction, thus increasing micturi tion frequency (1) . Since no suitable experi mental animal with urinary bladder dysfunc tion has yet been developed, it is necessary to investigate the characteristic changes in the cystometrogram induced by drugs in normal rats. Recently, we (2) reported a model for studying the effects of drugs on urinary bladder motility in conscious rats. In the pre sent experiment, using our model, we in vestigated the effects of drugs used for treat ment of failure to store and empty urine, for example oxybutynin, terodiline and physo stigmine. In addition, the effects of drugs were also studied in rats with urinary bladder dysfunction after decentralization of the left pelvic nerve.
Materials and Methods
The preparations used and the methods of recording bladder contractions were described in our previous paper (2). Under halothane anesthesia, the bladder of male Wistar rats (weighing 250-350 g) was exposed via a midline incision in the abdomen, and a needle (1/4) attached to a cannula was inserted into the bladder through the left ureter. After the incision in the abdomen had been sutured, the rat was restrained in a Ballman cage (Natsume, Type III). At least 4 hr after the operation, bladder contraction was induced by continuous infusion of Tyrode's solution lacking glucose into the bladder through the silicone tube at a constant rate (approximately 1 ml/10 min). The intravesical pressure was recorded by a D.C. recorder (Watanabe Sokki, SR 6204) through a pressure transducer (Nihon Kohden, LPU-0.1) connected to an amplifier (Nihon Kohden, RP-5). The amount of solution excreted from the urethra was measured with a balance (Sartorius, PT 600).
Decentralization was performed under pentobarbital Na (50 mg/kg, i.p.) anesthesia. The left pelvic nerve was freed from the iliac vein and connective tissue, separated from the fibers innervating the rectum and then resected 2-3 mm distal to the prostate. The rat was injected with ampicillin (12 mg/kg, s.c.) after this operation and used for the ex periments 1 or 2 weeks later. A sham operation was performed by the same procedure except that nerve resection was done 1 week before the experiment.
The values of the following three micturi tion parameters were measured from the cystometrogram: peak pressure during bladder contraction (PP), micturition threshold (MT) at the level where bladder pressure rose steeply before micturition, and micturition interval (MI), which is the period between bladder contractions capable of producing micturition.
Drugs used were: atropine sulfate and physostigmine salicylate (Merck), nifedipine (Sigma), butylsocopolamine (Buscopan®, Nippon Boehringer Ingelheim Co., Ltd.), oxybutynin HCI and terodiline HCI (gifts from Kodama). Drugs except nifedipine were dis solved in saline and injected via the cannula inserted for i.p. injection. Nifedipine was dis solved in polyethylene glycol and directly in jected into the abdomen with a syringe. The concentrations in this report are expressed as those of each respective salt.
Statistical analyses were carried out by Student's t-test at P<0.05 or P<0.01. Ex perimental values were expressed as the mean±S. E. Results 1) Effects of drugs on bladder contraction in rats with intact pelvic nerves: Figure 1 shows the typical patterns of effects of atropine (5 mg/kg), oxybutynin (10 mg/kg), terodiline (10 mg/kg), and nifedipine (3 mg/ kg), respectively; and the effects of drugs on the micturition parameters are summarized in Table 1 . Atropine (1-5 mg/kg) shortened the M I and reduced the MT and PP 20 to 30 min after the injection, and butylscopolamine (BS) exhibited quantitatively the same effect as that of atropine (Table 1 ). These effects of atropine (1 mg/kg) and BS (20 mg/kg) on the MI and PP were reversed about 90 min after injection, but the decrease in PP induced by atropine (5 mg/kg) was not restored by 150 min after injection. Although oxybutynin (3 mg/kg) and terodiline (3 and 10 mg/kg) also shortened the MI, the M I was prolonged to about 150% at 2 hr after the injection of these drugs, and the MT and the PP were restored to the levels existing before injec tion of the drugs. After injection of oxybutynin (10 mg/kg), slight bladder contraction with a very short interval appeared, the solution dribbled from the urethra, and the rats were restless for about 30 min (Fig. 1) . The MI, MT and PP were restored to the levels existing before injection of oxybutynin (10 mg/kg) within 120 min. Nifedipine at 1 mg/kg re duced the PP, and 3 mg/kg shortened the M I and reduced the PP. In these effects of nifedi pine, the reduction of PP induced by nifedi pine (3 mg/kg) was not restored by 2 hr after injection.
After injection of physostigmine (0.3 mg/ kg), the rats were excited for about 30 min. During this period, exact measurements of MT and PP were difficult, but the MI was shortened. Ninety minutes after injection, the three micturition parameters were almost the same as those before injection.
2) Effects of drugs on bladder contraction 1 or 2 weeks after decentralization: At one week after the operation, no disorder was externally observed and micturition took place in the breeding cage. However, in the abdominal cavity, the left side of the bladder was distended by urine, and severely adhered to the surrounding organs, e.g., adipose tissue, seminal vesicle or intestine. Repetitive bladder contraction appeared during the filling phase in most of the rats and the amplitude of con traction was different in each preparation. In all but two of the 15 rats, micturition con tinued, and the MI, MT and PP did not change significantly for 60 min (Table 2) . Also, the mean values of the three micturition parame ters did not differ significantly from those of rats with intact pelvic nerves ( Table 2) . When terodiline (3 mg/kg) was injected in the four rats in which micturition continued for at least 60 min, it amplified repetitive bladder contraction and interrupted micturition (Fig.  2) . About 100 min after injection of terodiline (3 mg/kg), the bladder contraction ac companying micturition was restored in half of the four rats, and the PP was reduced to 58% of the value existing before injection. Physostigmine (0.3 mg/kg) prolonged the MI 90 min after injection (Table 3) . In another two rats with a very long M I and high MT, physostigmine
(1 mg/kg) improved micturi tion (Fig. 3) , and terodiline (3 mg/kg) inter rupted it.
Also in sham-treated rats, there was only slight adhesion of the surrounding organs to the bladder wall. The repetitive bladder con traction during the filling phase was not so severe as that observed in the rats one week after nerve resection. Terodiline (3 mg/kg) also shortened the MI and then prolonged it (Table 3) .
At 2 weeks after left pelvic nerve resection, there was no severe adhesion of the bladder wall to the surrounding tissue or repetitive bladder contraction during the filling phase, like those observed in the rats one week after nerve resection. The three micturition parame ters were almost the same as those in rats with intact pelvic nerves (Table 2) , and terodiline (3 mg/kg) induced repetitive blad der contraction during the filling phase, but did not interrupt micturition in all five rats (Fig. 3) . Discussion mg/kg), with both a direct muscle relaxant ac tion and an anticholinergic effect (3, 4), pro longed the MI after shortening it, and ap peared to increase the bladder capacity, an effect reported previously in humans (5, 6). Since bladder contraction is triggered by bladder receptors (7, 8), shortening of the MI by a drug that reduces the muscle tone of the bladder may be due to an increase in the sensitivity of the receptors, because the blad der wall is easily distended by solution in the bladder. Reduction of MT was observed when drugs shortended the MI, except in the ex periment using terodiline (3 mg/kg). This result suggests that the sensitivity of the bladder receptors is increased when the MI is shortened. On the other hand, terodiline (3 10 mg/kg) prolonged the MI without any change in the MT. Such prolongation of the MI may be explained by a decrease in the sensitivity of the bladder receptors. With con tinuous reduction of bladder muscle tone, a larger volume of solution may be necessary in order to elevate the pressure level to the MT. sants are known to elevate the MT and pro longed the MI (2). The prolongation of MI induced by oxybutynin would be due to its action on the central nervous system, as well as its smooth muscle relaxant action. Oxy butynin (10 mg/kg) severely suppressed the bladder contraction, in comparison with atro pine (5 mg/kg) and nifedipine (3 mg/kg) (Fig. 1) . One of the reasons why atropine (5 mg/kg), nifedipine (3 mg/kg) and oxybutynin (10 mg/kg) could not prolong the MI may be that these drugs reduce the contractile force so severely that the volume of solution ex creted from the bladder is decreased. This severe inhibitory effect of oxybutynin on bladder contraction underlies its effectiveness for treatment of urge incontinence. In man, the usual therapeutic daily dose of oxybutynin or terodiline is about 15 mg or 50 mg, respec tively (9). In rats, oxybutynin exhibited a similar increasing effect on MI within a dose range one to one third that of terodiline. In the rats one week after resection of the left pelvic nerve, terodiline caused dysuria. This ischuria induced by terodiline seems to correspond to its contraindication in patients with obstructive uropathy. On the other hand, physostigmine prolonged the MI in rats one week after nerve resection and improved micturition in another rat with very long MI and high MT (Fig. 2) . Physostigmine may cause an incerase in the contractile force of the detrusor muscle in surgically treated rats, as compared with that in rats with intact pel vic nerves. Such prolongation of MI induced by physostigmine may be due to an increase in the volume of solution excreted from the bladder. The repetitive bladder contraction during the filling phase, which was observed in most of the surgically treated rats, would be related to the reduction of muscle tone by the nerve resection, as well as the nocicep tive sensation arising from the bladder as sociated with adhesion (10, 11), since terodiline further amplified the contraction. As repetitive bladder contraction could not result in expulsion of solution from the bladder, the bladder receptors would be continuously excited and contractions would be repeated. The decrease in the contractile force resulting from pelvic nerve resection was considerably restored two weeks after the operation, since terodiline (3 mg/kg) caused only repetitive bladder contraction but did not interrupt micturition.
It has been reported that there is an increased number of nerves 14 days after decentralization of the pelvic nerve, as compared with the situation 6 days after (12).
In conclusion, in this system using con scious rats with intact pelvic nerves, the ef fects on the cystometrogram of agents used for treatment of failure to store urine can be studied, and the preparation one or two weeks after decentralization of the unilateral pelvic nerve can be used as a model of bladder dys function due to weakened contractile force.
